Osteolysis induced by ultra-high molecular weight polyethylene (UHMWPE) wear particles has emerged as a critical failure mechanism of artificial joints. Many researchers have performed cell culture studies or animal tests to investigate the UHMWPE particles induced immunological responses. However, the effect of size and shape remains elusive. This is partly because of the difficulty in obtaining UHMWPE wear particles with specific sizes and shapes for bioactivity tests. Previously, we have shown the feasibility of producing narrowly distributed UHMWPE particle sizes and shapes by rubbing UHMWPE pins against textured surfaces [1] . The correlations between the surface texture dimensions and the size and shape of wear particles generated in water have been obtained [2] . In addition, this novel technique of UHMWPE particle generation enables the investigation of the effects of UHMWPE particle size and shape on bioactivity. It is concluded that the elongated particles and the particles which can be engulfed by macrophage cells induced stronger immunological responses [3] . Thus, it is possible to enhance the life of total joint replacements by reducing the production of the most toxic particle populations in terms of size and shape. Our idea is to apply surface textures on the articulating surface of joint implant in order to control the size and shape of UHMWPE wear particles. While maintaining a low wear rate o f UHMWP E p a r t s , f u r t h e r r e d u c t i o n o f t h e mo s t " t o x i c " particles released into human body shall prevent particleinduced osteolysis.
EXPERIMENTAL PROCEDURES
Unsterilized GUR415 UHMWPE pins of 6.35 mm in diameter and 25.4 mm in length were used in this study to produce wear particles. Polished silicon wafers with type P and (100) orientation were prepared as the base material for the texturing process.
Texturing of the silicon wafer surface was achieved by micro-lithography patterning and etching of the bulk substrate. Wet oxidation of silicon wafer was carried out at 1100  C for 135 min to form a 1   m thick silicon dioxide film. A pattern of rectangle was made on a chrome direct-writing photomask. Microfabrication procedures including lithography, etching and vapor deposition were applied to prepare the surface textures. The resulting surface features are an array of rectangular ridges with sharp edges. See Fig. 1 for the surface features.
The textured disk was then used in a reciprocating wear tester to rub with a UHMWPE pin. Water and bovine calf serum were used as lubricants in different wear tests. The wear experiment was conducted under the following conditions: load=196 N (nominal contact pressure 6 MPa), stroke length=19.05 mm, frequency=1.5 Hz; average sliding velocity=57.2 mm/s, duration=2 h.
After the test, the UHMWPE particles were collected and examined by a scanning electron microscope. The size and shape of the particles were analyzed by Scion Image (a NIH-image based image analysis software).
RESULTS
SEM images of wear particles of raw UHMWPE generated with microfabricated surface textures (Surfaces A, B, and C shown in Figure 1 ) under water and serum lubricating conditions are shown in Figure 2 . Particles generated in serum were found to be smaller and more fiber-like than the particles generated in water. The mean particle length and aspect ratio of wear particles generated in water and in serum are listed in Table 1 . 
DISCUSSION
The common feature of the two results is the uniformity of the particle distribution. By using the microfabricated surface textures, a narrow distribution of the particles has been achieved. It demonstrates the ability to control the particle size and shape by the dimensions of the surface textures. It is observed that the length of the particle generated in serum is smaller than the particle generated in water. The particle generated in serum has a larger aspect ratio. Under the lubrication of bovine serum, both length and width of the wear particle shrinks. Our previous study has indicated that the mechanism of the particle generation with microfabricated surfaces consists of the following steps: (a) penetration of the surface feature; (b) Lateral displacement of the feature; (c) Strain hardening of the polymer; (d) Embrittlement of the surface layer by molecular orientation, and (e) Detachment of the particle at the tip edge-material interface. Thus, by using serum as a lubricant, the friction force between UHMWPE and the surface feature was reduced. It means a smaller material resistant force to overcome during the sliding process and leads to a smaller lateral displacement of a single surface feature. Thus a larger aspect ratio (or a smaller particle width) was observed for the particles generated in serum.
The role of biological lubricants on controlling of the wear particle morphology should be further illustrated in order to facilitate the surface texturing techniques on the articulating surface of artificial joints in-vivo. The major components of the synovial fluid of the joint (biological lubricant) include albumin, globulin, lipids and hyaluronic acid. Under the articulating of the joints, the synovial fluid is squeezed and forms a boundary molecular layer responsible for the lubricating of the joints. The adsorption strength of the molecules and the tribochemical reaction of the molecules are key factors affecting the wear and wear particle formation of the materials. Liao et al. [4] has studied the thermal effects on the serum protein contents and Heuberger et al. [5] has discussed the modification of the albumin conformation due to the tribological thermal effect. The adsorption of the related proteins on articulating surface has been investigated and measured [5, 6] . However, by introducing the surface textures to the articulating surface of the joints, a controlled normal stress distribution can be created on the material surface. Further investigation of the thermal and mechanical effects on the modification of the synovial fluid can be performed. Thus further design of the surface pattern of the joint surface to control the size and shape of the wear particles may become possible. It is necessary to further obtain the correlations between the surface dimensions and particle morphology in order to establish the design guidelines of the articulating surface of joint implant to avoid particle-induced osteolysis. 
